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ABSTRACT — Intra- and inter-species hepatic differences for wild rockhopper ( Eudyptes crestatus) and 
magellanic ( Spheniscus magellanicus) penguin fatty acids were compared both pre-and post-moult. 
Linoleic (18:2n-6) and arachidonic (20:4n-6) acid composition were significantly higher and palmitic 
(16:0) acid significantly lower in pre moult rockhopper penguins than in comparable magellanics. 
Post-moult magellanics had significantly more palmitoleic (16:1), gadoleic (20:ln-9) and erucic, 
(22 : ln-9) and less arachidonic and eicosapentaenoic (20:5n-3) percent fatty acids than post-moult 
rockhoppers. In both species moulting resulted in a significant reduction in eicosapentaenoic and 
docosapentaenoic (22:5n-3), and a significant increase in linoleic acid (18:2n-6) percent. In 
rockhoppers, post moult was associated with an increase in the proportion of palmitic (16:0) and a 
decrease in palmitoleic (16: 1) acid. In the post-moult magellanics, however, there was a decrease in 
stearic (18:0) and an increase in gadoleic (20 : ln-9) and erucic (22 : ln-9) fatty acid composition. 


INTRODUCTION 

Successful breeding, migration, and moulting in 
birds are closely linked to nutritional factors [1-4]. 
Scarcity of food and thus poor nutrient deposition 
prior to these events can result in failure to breed, 
poor health and mortality [1-6], especially in 
species such as pengiuns which abstain from feed- 
ing while breeding and moulting. In penguins 
moulting lasts between two and five weeks depend- 
ing on species, during which time body weight 
losses of 23-60% have been recorded [7-11]. 
Before breeding and moulting penguins build up 
body reserves mainly in the form of lipid. These 
adaptive responses result in body weight increases 
of 5-33% depending on species and sex [10-12]. 
Lipids have diverse biological roles; neutral 
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lipids provide important energy reserves, whilst 
phospholipids have membrane structural functions 
[13-15]. The polyunsaturated fatty acid compo- 
nents of phospholipids provide substrates for the 
cell regulatory molecules the eicosanoids, [14] and 
are thought to provide structural integrity to cell 
membranes [16-19]. 

In view of the importance of lipids, we have 
investigated the fatty acid composition of hepatic 
tissue from wild rockhopper ( Eudyptes crestatus) 
and magellanic ( Spheniscus magellanicus) pen- 
guins both pre-and post-moult. 

MATERIALS AND METHODS 

Penguins 

Liver tissue samples were obtained at necropsy 
from adult healthy free-living rockhopper and 
magellanic penguins inhabiting the Falkland Is- 
lands during February 1987 after a post-breeding 
feeding period. This was undertaken as a result of 
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a penguin mortality investigation in the Falkland 
Islands in 1986 [20]. It was not possible to differ- 
entiate between adults and subadults even when 
taking into consideration the appearence of the 
gonads [11]. The period between the arrival on the 
moulting area and the beginning of the old feather 
loss was classified as pre-moult. Whereas, the 
penguins that had replaced their old feathers with 
new plumage were considered to be post-moult. 

Lipid extraction 

Total lipids were extracted from liver samples by 
the method of Folch et al , [21]. Tissues were 
homogenised in chloroform: methanol (2:1 v/v) 
containing 0.01% 2,6-di-t-butyl-4-methylphenol 
(BHT) as an antioxidant and left for 24 hr at 4°C. 
The homogenate-solvent mixture was filtered and 
transferred to a separatory funnel and left over- 
night at 4°C following the addition of 25% saline 
(0.85% NaCl) by volume. The lower organic 
phase was evaporated in a Rotavap-R (Buchi) 
under reduced pressure at 37°C. Samples were 
kept under nitrogen during and after the extraction 


procedures and extracts stored at — 20° C until 
required. 

Fatty acid separation and identification 

Total lipids were transmethylated under ni- 
trogen at 70°C for 3 hr with 5 ml of 5% sulphuric 
acid in methanol as an esterifying reagent. The 
fatty acid methyl ester derivatives were separated 
and identified as previously described [22] except 
that the chromatograph was a Varian model 3700, 
and the column a CP Sil88 (SP 2340). 

Statistical analysis 

Data are expressed as means and standard de- 
viations with their maximum and minimum ranges. 
Interspecies mean differences and pre-and post- 
moult means were compared by Student’s un- 
paired t-test. 

RESULTS 

The hepatic fatty acid composition of rockhop- 
per and magellanic penguins pre-and post-moult 


Table 1. Range and mean±SD percent liver fatty acids (16 : 0—22 :6n-3) in wild pre-and post-moult 
rockhopper ( Eudyptes crestatus ) and magellanic ( Spheniscus magellanicus) penguins. 


Rockhopper 


Magellanic 


Fatty acid 

16:0 
16:1 
18:0 
18 : ln-9 
18 :2n-6 
20: ln-9 
20 : 4n-6 
20 :5n-3 
22 : 5n-3 
22 : 6n-3 


Pre-moult Post-moult Pre-moult Post-moult 

(n=4) (n=4) (n=3) (n=4) 


15.2-19.9 

17.9 

±2.1 

21.8-24.1 

22.8 

±1.1 

21.9-26.1 

24.8 

±2.5 

20.2-24.1 

22.9 

±1.8 

1.3- 3.1 

2.3 

±1.0 

0.7- 1.2 

0.9 

±0.2 

1.7- 2.1 

1.9 

±0.2 

1.7- 3.4 

2.6 

±1.1 

19.2-21.6 

20.4 

±1.0 

18.0-23.6 

20.8 

±2.9 

18.6-22.8 

20.6 

±2.1 

12.4-17.8 

15.8 

±2.4 

18.6-25.3 

21.4 

±2.8 

16.5-19.1 

18.1 

±1.1 

18.0-22.4 

20.3 

±2.2 

18.2-24.5 

20.9 

±3.0 

1.3- 2.0 

1.6 

±0.3 

3.6- 6.1 

4.7 

±1.2 

0.9- 1.2 

1.0 

±0.2 

3.9- 4.4 

4.0 

±0.3 

1.0- 2.7 

1.7 

±0.9 

0.9- 1.9 
(n=3) 

1.4 

±0.5 

0.5- 1.0 

0.7 

±0.3 

2.9- 5.1 

4.1 

±1.0 

7.8- 9.8 

8.6 

±0.8 

6.8- 9.8 

8.3 

±1.6 

4.4- 7.0 

5.3 

±1.4 

4.1- 7.3 

6.3 

±1.5 

8.6-10.6 

9.3 

±1.0 

5.0- 7.7 

6.4 

±1.5 

8.5- 8.9 

8.8 

±0.2 

2.9- 3.7 

3.4 

±0.3 

1.4- 3.1 

2.3 

±0.7 

0.7- 1.3 

0.8 

±0.4 

2.0- 2.3 

2.1 

±0.2 

1.0- 1.2 

1.1 

±0.1 

7.5-14.7 

11.2 

±3.0 

8.2-14.5 

11.4 

±2.6 

9.2-12.5 

11.0 

±1.7 

11.8-14.3 

12.9 

±1.1 

0.4- 0.5 
(n=3) 

0.45 

±0.007 

0.3- 0.7 
( n =3) 

0.49 

±0.17 

0.2- 0.6 

0.33 

±0.16 

0.8- 0.9 

0.86 

±0.07 


22: ln-9 
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are shown in table 1. Linoleic (18:2n-6) and 
arachidonic (20:4n-6) acids were significantly (P 
<0.05 and P< 0.025, respectively) higher and 
palmitic (16:0) acid significantly lower in the pre- 
moult rockhoppers (P< 0.025) than the corres- 
ponding magellanics. 

In both species of penguins moulting resulted in 
reduction in eicosapentaenoic (rockhoppers P<. 
0.025, magellanics P< 0.001) and doco- 
sapentaenoic (22:5n-3) (rockhoppers P<0.01, 
magellanics P< 0.001) and an increase in linoleic 
acid percent (rockhoppers P< 0.005, magellanics 
P<0.001). 

There was lower (P<0.05) stearic (18:0), and 
higher gadoleic (20 : ln-9) (P< 0.005) and erucic 
(22:ln-9) (P<0.05) acids in the post-moult 
magellanics compared to their pre-moult counter- 
parts. The post-moult rockhoppers, however, had 
increased palmitic (P<0.01) and decreased palmi- 
toleic (16:1) (P<0.05) acids compared to the 
corresponding pre-moult birds. 

Post-moult magellanics had significantly higher 
palmitoleic (P<0.025), gadoleic (20: ln-9) (P< 
0.01) and erucic (22: ln-9) (P<0.05) acids and 
significantly lower arachidonic (P<0.05), and 
eicosapentaenoic (20 :5n-3) (P< 0.025) acids com- 
pared to that of the post-moult rockhoppers. 

DISCUSSION 

In both the rockhopper and magellanic penguins 
the major hepatic fatty acids were palmitic (16 : 0), 
stearic (18:0), oleic (18:1), arachidonic (20:4n- 
6), eicosapentaenoic (20:5n-3) and docosahex- 
aenoic (22:6n-3). These findings are in general 
agreement with the reported fatty acid profiles for 
total body fat in wild Adelie ( Pygoscelis adeliae) 
penguins [23] and dermal tissue in Emperor pen- 
guins (Aptenodytes forsteri) [24]. 

Pre-moult differences in hepatic fatty acids be- 
tween rockhopper and magellanic penguins were 
likely to be due to differences in dietary habits. 
The rockhoppers including Eudyptes crestatus feed 
opportunistically on squid, crustaceans, euphau- 
sids, and small fish [11, 25, 26]. These foods would 
be rich in long chain n-3 fatty acids, with smaller 
amounts of the n-6 [27-30]. The magellanics’ 
lower hepatic n-6 fatty acids imply a greater diet- 


ary dependence on n-3 rich species. Diverse 
feeding ecologies have been reported for several 
penguin species [3,31] and fatty acid compositions 
are known to be a reflection of both metabolism 
and diet [32-34]. Zar [24] suggested that the fatty 
acid differences between the adipose tissues of the 
Emperor (Aptenodytes forsteri) and of the Adelie 
(Pygoscelis adeliae) penguins were an effect of 
diet. In addition, Johnson and West [23] found 
that the proportions of fatty acids in Adelie pen- 
guin depot fat closely resembled the proportions of 
fatty acids in their normal diet of krill (Euphausia 
sp). 

Both penguin species have relatively high pro- 
portions of liver arachidonic acid (n-6) despite 
living in a n-3 fatty acid rich environment. This 
may indicate a physiological requirement in pen- 
guins for arachidonic acid similar to that in 
mammalian species (33). Diet selection patterns 
or rates of desaturation and elongation could 
account for the relatively high arachidonic acid 
composition. Similarly we previously reported [35] 
significant proportions of n-6 fatty acids in the liver 
phosphoglycerides of wild dolphins feeding in n-3 
fatty acid-rich environments. 

The post-moult disparity in hepatic fatty acids 
between the rockhoppers and magellanics was 
likely to be the result of species differences in the 
metabolism of lipids. It could also be that the 
penguins were at different stages of moulting, 
utilising nutrients differently. Moulting is char- 
acterised by three distinct phases, I and II repre- 
senting essentially lipid catabolism, with >90% of 
energy expenditure stemming from lipids in phase 
II; in phase III any remaining lipid reserves, are 
catabolised and proteins are also utilised [36, 37]. 
The rockhoppers were perhaps in the final phase of 
moulting, utilising more proteins; and the magella- 
nics in the earlier phases, because of their greater 
fatty acid mobilisation. These findings are in 
agreement with our earlier observations [5]; that 
the post-moult rockhoppers had significantly lower 
plasma albumin and globulin compared to their 
magellanic counterparts indicating that the rock- 
hoppers were utilising higher amounts of protein. 

Stearic acid (18 : 0) is quantitatively a major fatty 
acid in animal tissues, and is not preferentially 
oxidised as fuel in mammals [38]. The post-moult 
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decrease of stearic and concomitant increase in 
gadoleic (20 : ln-9) and erucic (22 : ln-9) acid per- 
cent in the magellanics but not in the rockhoppers, 
is therefore interesting. Increased elongation and 
desaturation of stearic acid in the magellanics to 
compensate for the relative post-moult loss in 
unsaturation, may explain these findings. Physio- 
logical adaptation to low environmental tempera- 
tures result in increase of unsaturation in the 
tissues of many species [39-42]. The post-moult 
drop in unsaturation in the magellanics, may have 
induced this adaptive elongation and desaturation 
mechanism. Preferential mobilisation and utilisa- 
tion of the specific long chain n-3 fatty acids 
eicosapentaenoic and docosapentaenoic (22 : 5n-3) 
during moulting was a consistent biochemical 
finding in both the rockhopper and magellanics. 
Because of the dietary abundance of n-3 fatty acids 
in marine ecosystems, it appears that these pen- 
guins have evolved metabolic mechanisms to pre- 
ferentially utilise these fatty acids. 

There was a significant increase in the propor- 
tion of hepatic linoleic acid (18 :2n-6) after moult- 
ing both in the magellanics and rockhoppers, 
together with a reduciton in the long chain n-3 
fatty acids, eicosapentaenoic (20 : 5n-3) and docosa- 
pentaenoic (22 : 5n-3). This n-6 and n-3 interaction 
is consistent with the findings of Gudbjarnason and 
Oskarsdottir [43] and Harbige et al. [22] in mam- 
mals. They found that increases in the proportion 
of long chain n-3 fatty acids was associated with a 
decrease in n-6 fatty acids, particularly linoleic 
acid. Linoleic acid is thought to have a role in the 
maintenance or formation of the epidermal water 
barrier [16]. It is conceivable that our observations 
of increased linoleic acid percent in the liver of 
both penguin species post-moult, may indicate 
specific mobilisation in relation to water barrier 
function during the vulnerable moulting period. 
Also there appears to be a differential sparing or 
conservation of the highly unsaturated docosahexa- 
enoic acid (22 : 6n-3) and arachidonic acid in both 
species after moulting. Specific increases in mem- 
brane docosahexaenoic acid (22 : 6n-3) with cold 
adaptation have been reported [44, 45]; and may 
partly explain our findings as could the preferential 
retention of these fatty acids by hepatic cells. 
Conservation of docosahexaenoic acid, may also 


have contributed to the post-moult decrease in the 
proportions of eicosapentaenoic and docosa- 
pentaenoic acid composition through chain elonga- 
tion and or desaturation. 

In conclusion we suggest that pre-moult hepatic 
fatty acid status of the rockhopper and magellanic 
penguins are mainly of dietary origin. Whereas, 
the post-moult values are a reflection of the stage 
of moult, and mobilisation and utilisation of lipids 
which appear to be both species dependent and 
species independent. 

REFERENCES 

1 Moss, R., Watson, A., and Parr R. (1975) Maternal 
nutrition and breeding success in red grouse 
(Lagopys lagopus scoticus). J. Animal. Ecol., 44: 
233-244. 

2 Odum, E. P. (1965) Adipose tissue in migratory 
birds. In “Handbook of Physiology.” Section 5, 
Adipose tissue. Ed. by A. E. Renold and G. F. 
Cahill American Physiological Society Washington 
D. C.,pp. 37-43. 

3 Heezik, Y. and Davis, L. (1990) Effects of food 
variability on growth rates, fledging sizes and repro- 
ductive success in the yellow-eyed penguin ( Megady - 
ptes antipodes). Ibis. 132: 354-365. 

4 Hornfeldt, B., Carlsson, B. G., Lofgren, O. and 
Eklund, U (1990) Effects of cyclic food supply on 
breeding performance in Tengmalm’s owl (Aegolius 
funereus). Can. J. Zool., 68: 522-530. 

5 Ghebremeskel, K., Williams, G., Keymer, I. F., 
Horsley, D. and Gardner D. A. (1989) Plasma 
chemistry of rockhopper ( Eudytes crestatus) , magel- 
lanic ( Spheniscus magellanicus) and gentoo ( Pygos - 
celis papua) wild penguins in relation to moult. 
Comp. Biochem. Physiol., 92A: 43-47. 

6 Moss, R. (1972) Food selection by red grouse 
{Lagopus lagopus scoticus) in relation to chemical 
compostion. J. Animal. Ecol., 41: 411-428. 

7 Cherel, Y. and Le Maho Y.(1988) Changes in body 
mass and plasma metabolites during short-term fast- 
ing in the king penguin. The Condor, 90: 257-258. 

8 Stonehouse, B. (1967) The general biology and 
thermal balances of penguins. Adv. ecol. Res., 4: 
131-196. 

9 Richdale, L. E. (1957) A population study of 
Penguins. Clarendon Press, Oxford, p. 95. 

10 Sparks, J and Soper T. (1967) Penguins, by Newton 
Abbott: David & Charles, p. 101. 

11 Strange, I. J. (1982) Breeding ecology of the rock- 
hopper penguin ( Eudyptes crestatus) in the Falkland 
Islands. Le Gerfaut. 72: 137-188. 

12 Williams, A. J., Siegfried, W. E., Burger, A. E. and 


Hepatic Fatty Acids in Wild Penguins 


319 


Berruti A. (1977) Body composition and energy 
metabolism of moulting eudytid penguins. Comp. 
Biochem. Physiol., 56A: 27-30. 

13 Gurr, M. I. and James A. T. (1980) Lipid Bioche- 
mistry: an introduction. Chapman and Hall, p. 111. 

14 Crawford, M. A. (1983) Background to essential 
fatty acids and their prostanoid derivatives. Br. 
Med. Bull., 39: 210-213. 

15 Martin, D. W., Mayes, P. A. and Rodwell V. W. 
(1983) Harper’s Review of Biochemistry. 19th edi- 
tion. Lange Medical Publications, pp. 188-247. 

16 Wertz, P. W., Abraham, W., Cho, E. S. and 
Downing D. T. (1986) Linoleate-Rich O- 
Acylsphingolipids of mammalian epidermis: Struc- 
tures and effects of essential fatty acid deficiency. 
Prog. Lipid. Res., 25: 383-389. 

17 Hou, S. E., Mitra, A. K., White, S. H., Menon, G. 
K., Ghadially, R. and Elias P. M. (1991) Membrane 
structures in normal and essential fatty acid-deficient 
stratum corneum: Characterization by ruthenium 
tetroxide staining and X-ray diffraction. J. Invest. 
Dermatol., 96: 215-223. 

18 Budowski, P., Leighfield, M. J. and Crawford, M. 
A. (1987) Nutritional encephalomalacia in the 
chick: an exposure of the vulnerable period for 
cerebellar development and the possible need for 
both n-6 and n-3 fatty acids. Br. J. Nutr., 58: 5 11— 
520. 

19 Bazan, N. G. (1990) Supply of n-3 polyunsaturated 
fatty acids and their significance in the central ner- 
vous system. In “Nutrition and the brain.” Vol. 8. 
Ed. by R. J. Wurtman and J. J. Wurtman Raven 
Press Ltd., NY. pp. 1-24. 

20 Keymer, I. F. (1987) An investigation of rockhop- 
per penguin ( Endyptes crestatus) mortality in the 
Falkland Islands during the 1985-1986 breeding 
season. Falkland Island Foundation Project Report. 

21 Folch, J. L. and Stanley, G. H. S. (1957) A simple 
method for the isolation and purification of total 
lipids from animal tissues. J. Biol. Chem., 226: 497- 
509. 

22 Harbige, L. S., Ghebremeskel, K., Williams, G. 
and Summers, P. (1990) N-3 and N-6 phospho- 
glyceride fatty acids in relation to in vitro erythro- 
cyte haemolysis induced by hydrogen peroxide in 
captive common marmosets ( Callithrix jacchus). 
Comp. Biochem. Physiol., 97B: 1. 167-170. 

23 Johnson, S. R. and West, G. C. (1973) Fat content, 
fatty acid composition and estimates of energy 
metabolism of adelie penguins ( Pygoscelis adeliae) 
during the early breeding season fast. Comp. 
Biochem. Physiol., 45B: 709-719. 

24 Zar, J. H. (1977) Fatty acid composition of emperor 
penguin (Aptenodytes forsteri) lipids. Comp. 
Biochem. Physiol., 56B: 109-112. 

25 Brown, C. R. and Klages, N. T. (1987) Seasonal 


and annual variation in diets of Macaroni (Eudyptes 
chrysolophus chrysolophus) and Southern rockhop- 
per ( E . chrysocome chrysocome ) penguins at sub- 
Antartic Marion Island. J. Zool., Lond., 212: 7-28. 

26 Croxall, J. P. , Prince, P. A. , Baird, A. and Ward, P. 
(1985) The diet of the southern rockhopper penguin 
Eudyptes chrysocome chrysocome at Beauchene Is- 
land, Falkland Islands. J. Zool., Lond., (A)., 206: 
485-496. 

27 Crawford, M. A., Doyle, W., Drury, P., Gheb- 
remeskel, K., Harbige, L., Leyton, J. and Williams, 
G. (1989) The food chain for n-6 and n-3 fatty acids 
with special reference to animal products. In “Di- 
etary n-3 and n-6 Fatty Acids biological effects and 
nutritional essentiality.” NATO ASI Series A, Vol 
171. Ed. by C. Galli. and A. P. Simopoulos Plenum 
Press, pp. 5-19. 

28 Ackman, R. G. (1982) Fatty acid composition of 
fish oils. In “Nutritional evaluation of long-chain 
fatty acids in fish oil.” Ed. by S. M. Barlow and M. 
E. Stansby Academic Press, pp. 25-88. 

29 Sidhu, G. S., Montgomery, W. A., Holloway, G. 
L., Johnson, A. R. and Walker D. M. (1970) 
Biochemical composition and nutritive value of krill 
{Euphausia superba). J. Sci. Fd. Agric., 21: 293- 
296. 

30 Clarke, A. (1980) The biochemical composition of 
krill Euphausia superba , from South Georgia. J. 
exp. mar. Biol. Ecol., 43: 221-236. 

31 Lishman G. S. (1985) The food and feeding ecology 
of adelie penguins ( Pygoscelis adeliae) and Chin- 
strap penguins ( P . antarcdca) at Signy Island, South 
Orkney Islands. J. Zool., Lond, (A), 205: 245-263. 

32 Tinco, J. (1982) Dietary requirements and functions 
of alpha-linolenic acid in animals. Prog. Lipid. Res., 
21. 1-45. 

33 Sanders, T. A. B. (1988) Essential and Trans-fatty 
acids in nutrition. Nutrition Research Reviews, 1: 
57-78. 

34 Stubbs, C. D. and Smith, A. D. (1984) The modi- 
fication of mammalian membrane polyunsaturated 
fatty acid composition in relation to membrane 
fluidity and funciton. Biochim. Biophys. Acta., 779: 
89-137. 

35 Williams, G. and Crawford M. A. (1987) Compari- 
son of the fatty acid component in structural lipids 
from dolphins, zebra and giraffe: possible evolution- 
ary implications. J. Zool., Lond., 213: 673-684. 

36 Cherel, Y., Robin J-P. and Le Maho Y. (1988) 
Physiology and biochemistry of long-term fasting in 
birds. Can. J. Zool., 66: 159-166. 

37 Robin, J-P., Frain, M., Sardet, C., Groscolas, R. 
and Le Maho Y. (1988) Protein and lipid utilization 
during long-term fasting in emperor penguins. Am. 
J. Physiol., 254: R61-R68. 

38 Leyton, J., Drury, P. J. and Crawford, M. A. (1987) 


320 


L. S. Harbige, K. Ghebremeskel et al. 


In vivo incorporation of labeled fatty acids in rat 
liver lipids after oral adminstration. Lipids., 228: 
553-558. 

39 Williams, D. D. and Platner W. S. (1967) Cold- 
induced changes in fatty acids of the rat and ham- 
ster. Am. J. Physiol., 212(1): 167-172. 

40 Aloia, R. C. and Pengelley, E. T. (1979) Lipid 
composition of cellular membranes of hibernating 
mammals. In “Chemical Zoology.” Vol XI Mamma- 
lia. Ed. by M. Florkin and B. T. Scheer Academic 
Press, pp. 1-47. 

41 Cowey, C. B. (1988) The Nutrition of fish: The 
developing scene. Nutrition Research Reviews, 1: 
255-280. 

42 Houslay, M. D., and Stanley, K. K. (1983) Dyna- 
mics of Biological Membranes. John Wiley & Sons, 
pp. 138-141. 


43 Gudbjarnason, S. and Oskarsdottir, G. (1977) 
Modification of fatty acid composition of rat heart 
lipids by feeding cod liver oil. Biochim. Biophys. 
Acta., 487: 10-15. 

44 Miller, N. G. A., Hill, M. W. and Smith M. W. 
(1976) Positional and species analysis of membrane 
phospholipids extracted from goldfish adapted to 
different environmental temperatures. Biochim. 
Biophys. Acta., 55: 644-654. 

45 Hazel, J. R. and Zerba, E. (1986) Adaption of 
biological membranes to temperature: molecular 
species compositions of phosphatidyl choline and 
phosphatidyl ethanolamine in mitochondrial and 
microsomal membranes of liver from thermally 
acclimated rainbow trout. J. Comp. Physiol. 156B: 
665-674. 


